The design of interactive decision aids for patients is challenging because there are few if any guidelines for information design for such devices. In this paper, we look at designing an interactive decision aid through the use of Cognitive Work Analysis (CWA) for cardiac patient needs. We focus on three analysis phases: work domain analysis (WDA), control task analysis, and strategies analysis. We discuss these three phases of the CWA, how we collected user needs using focus groups, and how the content of support is represented in each of these three levels. Finally, we discuss how the three levels influenced our design recommendations and ideas for how the information is presented.
INTRODUCTION
Cardiovascular Disease (CVD) accounts for almost half of all deaths in Europe, causing over 4.3 million deaths in Europe, with 268.8 million lost working days, which results in a per capita cost of 391 Euros (57% of this is directly linked to health care, 21% to productivity losses and 22% to the cost of informal care provided by relatives and friends) (European Parliament Heart Group 2008).
In spite of the advances in management, CVD is associated with high rates of hospitalization, poor quality of life, and early death. Education initiatives, intended to improve patients' abilities to care for themselves, plays an important role in disease management programs (Dickson et al 2007) . Programs that teach self-management seem to slow disease progression and prevent repeated and expensive hospital readmissions (Stromberg et al 2002 , Hicks & Holm 2003 , Shipton 1997 ).
Self-management is an active learning process and relies on patient knowledge, experience, and receptivity to cues to maintain health through treatment adherence and symptom monitoring (Dickson et al 2007 , Hicks & Holm 2003 , Riegel et al 2000 . Managing CVD requires patients to identify symptoms and seek treatment quickly. Yet, our literature review and focus group studies have shown that lack of dietary discretion, medication compliance, and failure to detect symptoms and act early are found to be the primary contributors to acute hospitalisation (Dickson et al 2007) . Therefore, Interactive decision support (referred to as Decision Aids, DAs) may help. DAs involve the use of interactive computer technology to present a variety of options to patients based on health status for effective decision making and to better manage themselves (Evans et al 2004 , Brehaut et al 2008 , Lin et al 2009 , O'Brien et al 2009 , Montori et al 2006 , Elwyn et al 2006 , Stacey et al 2008 . When patients are involved in making decisions about day-to-day treatment they are likely to become less anxious and achieve better outcome from treatments (Satterfield et al 2009) .
A meta-analysis of the effectiveness of decision aids with over sixty decision aids (Brehaut et al 2008) has shown that DAs improve the quality of decision relevant to a patient health status, in comparison to both standard care information documents and standard education programs. Decision Aids can be used to educate patients and enhance the quality of their decisions so as to reduce practice variations by (a) providing facts about the condition, options, outcomes, and probabilities that are relevant to the patient's health status (O'Connor et al 2007) ; (b) providing feature matching process (Hutton & Klein 1999) in which certain changes in health status are highlighted and compared to past experiences; and (c) guiding patients in making decisions, e.g., in terms of lower decisional conflict (Barnato et al 2007) , more active patient involvement in decision-making, and decreased levels of anxiety and distress (Lin et al 2009) .
However, little research has been conducted to identify the relationships between the design of user interface and the information content of the DAs. This research is the first step in suggesting an approach for designing an interactive decision aid for cardiac patients using Cognitive Work Analysis and a review of existing user interfaces. This paper aims to provide: how the content of the decision system is defined, how to incorporate decision aids into an interactive, complex process of making such decisions and how the information is presented to the user.
METHOD
Cognitive Work Analysis (Jenkins et al 2009 , Vincente 1999 ) is a structured framework for the analysis of complex socio-technical systems such as command and control (Chin et al 1999 , Naikar 2001 or process control (Vincente 1999). In the medical domain, CWA has been applied to patient monitoring (Sanderson et al 2004) , clinical displays (Effken et al 2001) , intensive care units (Miller 2004 ) and teletriage (Hajdukiewicz et al 2001) . This multifaceted framework allows the researcher to observe the complexity of human information behavior in complex systems. It is fair to say that the majority of previous applications of CWA have focused on experts in specific domains. In this paper, our focus on patients as decision makers allows us to explore how well the approach can accommodate the lay person or non-expert. Of course, the patients will be familiar with their own experience of their condition but might have less knowledge of the medical facts surrounding its treatment.
We have chosen CWA framework as it guides us through the process of answering the question of why the system exists; what activities are conducted with this system; how the information is processed and who is performing it. CWA has five levels of analysis: WDA, control task analysis, strategies analysis, social-organisational analysis, and work competency analysis. As this paper is focused on designing a decision aid for cardiac patients, we chose the following CWA analyses based on patient requirements to meet the objectives:
• WDA: requirement analysis for cardiac patient management (Naikar 2001) • Control Task Analysis: to create rules and decision ladder analysis for diagnosis and management (Rasmussen & Goodstein 1987) • Strategies Analysis: interaction analysis for providing decision support solution (Chin et al 1999) In the following sections, we discuss the information gathering phase using focus groups for CWA and discuss the three analytical phases:
WDA, decision ladder analysis, and strategies analysis. Finally, we present our review of existing user interfaces for mobile medical devices and how to represent the user requirement on the screen with an example scenario.
Information Gathering: Focus Groups
Focus group discussion is an effective way to gather information in which a small group (5-12) of participants gather to discuss a specified topic or an issue (Wong 2008) . In the focus group the interviewer (also called as moderator) asks questions about a topic to the group and the group members exchange ideas and comments on each other's experiences or views.
Focus group studies have been used to explore a wide range of health and medical related issues, including: experiences of health care in relation to their heart condition, understanding of health risks, treatment preferences and impact on quality of life (Rasmussen & Goodstein 1987 ) ; reducing CVD risks (Wong 2008) ; racial disparity in cardiac decision making (Kennelly & Bowling 2001) .
The purpose of our focus group was to gain insight into the patients' decision making for CVD, patients' perceptions, opinions and experience. We conducted five focus group sessions covering West Midlands and Cheshire region with 35 patients and carers (13 females and 22 males). Participants were mostly in the age range of 60-69 years and were members of local heart support groups, diagnosed with cardio-vascular disease with an average history of 4 years. Participants were recruited by contacting various heart support group. Initial contact with the support group coordinators or president was either in person, email or by phone.
Each focus group included five to ten participants and was conducted in a setting that was convenient to the participants including: library, hospital and health club.
Measures
Semi-structured discussions were conducted with the focus group. With participant's permission, all discussions were audio recorded. Participants were asked to describe their decision-making, access to information about their health condition, experiences, exercise, diet, self-monitoring and technology acceptance for e-health. At the end of the interview, participants completed a brief questionnaire regarding their technology acceptance and knowledge.
Data Analysis
A word cloud was created based on the focus group discussion to gain insight into the needs of the patients' as shown in Figure 1 .
We transcribed the focus group discussions and transcripts were divided into units each encompassing a single complete idea in relation to patient's decision-making requirements as show in Figure 2 .
Our focus group study revealed that on a day-today basis, patients' are expected to make important medical decisions and management decisions on their tablet time, diet, exercise and health monitoring which require guidance and information for the patient to make informed decisions and take control of their health.
"Because of the lack of the information it makes our decision different. If we had more information then maybe our decision wouldn't be different, maybe we would trust you know just jumping on a train and whizzing down to London for a day or something without having to plan but because the information is scare and so is our courage there is a lot of uncertainty and decision-making is ruled by uncertainty." (FG3, male3) 
Analysis
We start our analysis by finding out the role of CWA in relation to some of the patients' requirements (see Figure 2 ) in the following table. 
Work Domain Analysis (WDA)
The first phase of WDA is used to describe the domain in which the activity takes place by specifying the scope of analysis independent of any goals or activities by building up an abstraction hierarchy (AH). AH is developed to include the decision support needs for the patients. We included the patient as well as various resources the decision aids would use.
To model the patient management for tablet-time, diet, medication, exercise and monitoring we used Hajdukiewicz for basic model of patient health as a starting point (Price et al 2009) . We also map information in the AH model as it is evident from the focus group that patients need to be educated and information should be easily available for them to make decisions.
AH as shown in Figure 3 have five levels of abstraction. Each level of abstraction is given below:
• Functional purposes: represents the highlevel aims or objectives of the system. In this case, patient management.
• Values and priorities: represents the criteria for measuring whether the system can achieve the functional purpose aims.
• Purpose-related functions: represents the functions of the system that are needed to achieve the functional purposes.
• Object related processes: represents the physical context in which the system operates functional capabilities and limitations of the physical objects.
• Physical objects: represents the physical objects of the system.
The highlighted area in Figure 3 relate to the diet scenario that will be explained in the rest of this paper. 
Control Task Analysis
In the first phase WDA we looked at the domain independent of activity to understand the design of the decision aids further it is advantageous to look at some of the requirements in more detail. In this phase we will be using the decision ladder to focus on what has to be achieved independent of how the task is conducted or who will be doing it.
An example of a patient requesting decision information is modelled onto the decision ladder shown in Figure 4 . This example is taken from the focus group discussion:
"With Statins, I think you are not suppose to have grapefruit. Not quite sure." (FG1, male5)
Once a request is made by the patient the information is processed and attended. In the scenario for Figure 4 'Can I eat grapefruit?' as the system has got information stored in the database about the patient's health status it can speed up the process to bypass some of the steps in the decision to provide instruction to the patient. 
Strategy Analysis
The strategies analysis is a natural follow-up to the task analysis to solve actual problem like openended questions or questions based on symptoms.
We have demonstrated in Table 2 the strategies used in response to a question "Can I have grapefruit?" with the assumption that the system does not know the patients' medication. A key aspect of the approach being advocated is the interaction between patient and device to refine and reformulate a question in order to receive appropriate advice. At one level an essential aspect of self-management is the ability to ask the right questions. Through the decision ladder, it is possible to develop a structured approach to question asking that allow patient and DA to reach a view.
Design
Having outlined the ways in which patients can be encouraged to ask appropriate questions to support their decision making the next stage is to design a user interface that could run on a mobile device to support patient decision making. As there are no standards to date governing the design of DAs we examined a wide range of publicly available mobile medical devices in order to determine common features and functions.
We collected 87 screen shots of currently available decision support products for review. By reviewing the literature and through initial assessment by authors we identified 23 key features that were essential for a good user interface. We then created an excel spreadsheet with 87 screen shots and 23 features and asked 7 researchers what features was present on each of the screen shots. Based on the feedback received from the researchers Factor Analysis was performed on the subjective rating of each example screen shot against the identified features. The analysis employed Principal Component Analysis with variant rotation using Kaiser Normalization which emerged after 11 rotations.
This resulted in 8 factors which accounted for 72% of the variance. Using a cut-off point of 0.45, features were assigned to uniquely belong to one of the factors as shown in Table 3 . Used to provide guidance to patients for "how to use a BP monitor?"
DISCUSSION
A demo application was developed using J2ME technology and the screen shots for the scenario "Can I eat grapefruit?" is shown in Figure 5 along with the design rationale in Table 4 . Table 4 indicates the manner in which design decisions were made for this version of the user interface. Each screen of the user interface can be related to either sections of the AH or to the Control Task Analysis or Strategies Analysis. The implication of course, is that further screens correspond to each of the other sections in the AH. In addition to showing the relation between CWA and screens, Table 4 also shows the primary factors (from factor analysis) that were deemed to define the appearance of that particular screen. Abstraction hierarchy (Figure 3 ) Interaction Management
Provides main functions of the AH process that is needed by the patient to manage cardiac conditions. 5b
Abstraction Hierarchy ( Figure  3 ): Values & priority measures -Improve health, Store data and Informed patient.
Interaction Management
This screen provides all the information that is needed for the patients' diet management. The patient initiates using structured or unstructured questions the patient would like to ask, or description of symptoms or problems the patient wishes to make a decision about. 5d
Control Task Analysis ( Figure  4 ) and Strategies Analysis (Table 2) 
Alerts and Prompts
This is an optional screen that will be displayed if the system is not aware of the patient medication. 
Decision support information
Evaluate patient question and medication and health status. Once the most appropriate data is determined, the diet advice response is created. After reading the advice the patient can update the diet records, noting the details of the interaction. 
